E. coli, ATPase, Ruthenium Red, Inhibition
trypsin [50 jug, specific activity 33 U/mg] for 5 min at 37 °C. After addition of 0.1 ml H20 , 0.1 ml 300 mM KC1 or RR respectively, incubation was con tinued for 5 min and then the ATPase reaction was started by addition of substrate.
For treatment of ATPase with neuraminidase, 0.3 ml membrane-bound ATPase [0.9 mg protein] was incubated with 100 jug neuram inidase [from Clostridium perfringens, specific activity 0.6 U/mg] and 50 /li\ 0.1 M sodium acetate buffer, pH 5.0, for 30 min at 37 °C. After addition of 0.9 ml 25 mM T risH C l, pH 9, 0.1 ml was used for testing ATPase activity.
D eterm ination of ATPase activity
The ATPase was assayed at 37 °C in a shaking water bath in 1 ml samples with Tris HC1 buffer as indicated in the legends, 0.2 mM ATP adjusted to pH with Tris, and 0.04 mM CaCl2 or MgCl2 . The protein content of the samples amounted to 0.1 mg. After 10 min preincubation, substrate was added and incubation was continued for 20 min. Under these conditions the ATPase activity was linear with respect to time.
The reaction was stopped with 0.5 ml 15% cold TCA. After centrifugation double determinations of the inorganic phosphate with 0.2 ml or 0.5 ml of the supernatant were made according to Anner 
R esults
As Fig. 1 shows, the E. coli ATPase is inhibited by RR. The inhibition is not specific for Ca2+, as it also occurs in the presence of Mg2+. The KC1-activated Mg, Ca-ATPase is also inhibited by RR.
To determine the type inhibition, 1 /v was plotted against 1 /[ S ] (Fig. 2 ) . It can be seen that both V and K m are changed, and that RR is thus a " mixed- Fig. 3 ] may result from inactive im purities.
In order to characterize the RR-binding groups, the E. coli ATPase was treated with neuraminidase. It was still inhibited by RR after this treatment. .) The RR inhibition therefore appears to be con nected with the y or d subunit.
Further differentiation along these lines was not possible because after preparation with pyridine, which produces a complex of a, ß and y subunits, the residual ATPase activity was too low for kinetic measurements. Similarly, treatm ent of mitochondrial ATPase with pyridine destroyed all measurable ac tivity [2 7 ]. As shown here with the E. coli ATPase, the inhibi tion of bacterial ATPase only becomes noticeable at higher RR and lower substrate concentrations. A quantitative comparison is also encumbered by the fact that various commercial RR preparations differ in purity and content of RR, RB and RV [1 9 ], which cause varying degrees of inhibition. According to Luft [1 9 ], RR reacts with poly anions with higher charge densities, i. e. glycosaminoglycans, glycoproteins, phospholipids, polyglutamic acid or polyaspartic acid. Glycosaminoglycans do not occur in E. coli. Glycoproteins con taining neuraminic acid must probably also be excluded, since RR continues to inhibit after neuraminidase treatment, unless neuraminidaseinsensitive sialic acid residues are involved in the RR binding. A participation of phospholipids is also improbable, because the binding of Ca2+ to sarcolemma and sarcoplasmic reticulum was also inhibited by RR after the lipids had been extracted from the membrane [9, 10] . One could therefore assume, as did M adeira and Antunes-Madeira [1 0 ], that the high content in aspartic and glutamic resi dues in bacterial ATPase [28 -30] is responsible for the binding of RR. However, n-butanol-treated ATPase, which has the same high content in glutamic and aspartic residues as shockwash ATPase [2 9 ], is not inhibited by RR.
Discussion
The results with trypsin-treated or n-butanol-extracted ATPase suggest that the binding site for RR is located on the y or d subunit. Since the d subunit is only responsible for the binding of the ATPase complex to the membrane [2 4 ], the RR in hibition could occur through the y subunit.
The inhibition of the E. coli Mg, Ca-ATPase by RR suggests that this enzyme, like the Ca-ATPases of erythrocytes and sarcoplasmic reticulum, may be involved in the transport of Ca2+ [and possibly Mg2+] into E. coli cells. This is supported by the facts that the ATP-dependent component of the active Ca2+ transport into vesicles from E. coli [31] and A. vinelandii [32] is inhibited by DCCD, a specific inhibitor of the membrane-bound bacterial ATPase, and that the ATP-dependent flux of Mg2+ in mitochondria is also inhibited by RR [3 3 ].
